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capacity, increases flood heights and velocities, and increases flood hazards in areas 
beyond the encroachment itself. One aspect of floodplain management involves 
balancing the economic gain from floodplain development against the resulting increase 
in flood hazard. 

 
For purposes of the NFIP, a floodway is used as a tool to assist local communities in 
balancing floodplain development against increasing flood hazard. With this approach, 
the area of the 1% annual chance floodplain on a river is divided into a floodway and a 
floodway fringe based on hydraulic modeling. The floodway is the channel of a stream, 
plus any adjacent floodplain areas, that must be kept free of encroachment in order to 
carry the 1% annual chance flood. The floodway fringe is the area between the floodway 
and the 1% annual chance floodplain boundaries where encroachment is permitted. The 
floodway must be wide enough so that the floodway fringe could be completely 
obstructed without increasing the water surface elevation of the 1% annual chance flood 
more than 1 foot at any point. Typical relationships between the floodway and the 
floodway fringe and their significance to floodplain development are shown in Figure 4. 

 
To participate in the NFIP, Federal regulations require communities to limit increases 
caused by encroachment to 1.0 foot, provided that hazardous velocities are not 
produced. The floodways in this project are presented to local agencies as minimum 
standards that can be adopted directly or that can be used as a basis for additional 
floodway projects. 

 
 

Figure 4: Floodway Schematic 
 

 
 
Floodway widths presented in this FIS Report and on the FIRM were computed at cross 
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Table 2: Flooding Sources Included in this FIS Report 
 

 
 
 

Flooding Source 

 
 
 

Community 

 
 
 

Downstream Limit 

 
 
 
Upstream Limit 

 
 
HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 
Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 
Baderville Tributary 
to Rio de Flag 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with Rio de 
Flag 

Approximately 0.2 
miles south of 
Hashknife Trail 
Road 

 
15020015 

 
1.7 

  
Y 

 
AE 

 
1/1981 

Bow and Arrow 
Wash 

 
City of Flagstaff 

Approximately 1,800 
feet upstream of Lake 
Mary Road 

South Lone Tree 
Road crossing 

 
15020015 

 
3.5 

  
Y 

 
AE 

 
4/2004 

 
Cataract Creek 

 
City of Williams 

Approximately 0.36 
miles north of US 
Interstate 40 

0.5 miles upstream 
Santa Fe 
Reservoir dam 

 
15010004 

 
3 

  
Y 

 
AE 

 
3/1981 

Cataract Creek 
Tributary City of Williams Confluence with Cataract Creek City Reservoir 15010004 0.9 

 
Y AE 3/1981 

 
Cemetary Wash 

 
City of Williams 

 
US Interstate 40 

Approximately 
0.12 miles west of 
City of Williams 

 
15010004 

 
0.8 

  
Y 

 
AE 

 
3/1981 

Clay Avenue Wash 
(Rio de Flag 
confluence) 

 
City of Flagstaff 

0.3 mile upstream from 
confluence with Rio de 
Flag 

0.925 mile 
upstream from 
confluence with 
Rio de Flag 

 
15020015 

 
0.625 

  
Y 

 
AE 

 
4/2004 

 
Clay Avenue Wash 

 
City of Flagstaff 

Intersection of West 
Clay Avenue and 
Interstate 40 Business 

Forest Service 
Road 506 

 
15020015 

 
2 

  
Y 

 
AE 

 
3/1/1995 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 

 
Clay Avenue Wash 
Split Flow 

 

 
City of Flagstaff 

Confluence with Clay 
Avenue Wash 
approximately 125 feet 
downstream of W. 
Shellie Dr. 

Confluence with 
Clay Avenue 
Wash 
approximately 750 
feet upstream of 
W. Shellie Dr. 

 

 
15020015 

 

 
0.2 

  

 
N 

 

 
AE 

 

 
1/1981 

 
Country Club Wash 

 
City of Flagstaff Confluence with Rio de Flag 

Golf course pond 
north side of East 
Mt. Pleasant Drive 

 
15020015 

 
1.1 

  
Y 

 
AE 

 
1/1981 

 

Detention Basin 

 

City of Flagstaff 

 

S Wild West Trail 
Approximately 0.2 
miles upstream 
from S Wild West 
Trail. 

 

15020015 

  

0.009 

 

N 

 

AE 

 

1/1981 

 

Dewey Grade Wash 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Pumphouse Wash 

 
Downstream of Old 
Munds Highway 

 

15060202 0.2 

  

Y 

 

AE 

 

9/2016 

 

Fanning Drive Wash 

 

City of Flagstaff 

 
Confluence with Rio de 
Flag 

Approximately 140 
feet north east of 
Skyline Dr. and 
Forest Brook St. 

 

15020015 

 

2.1 

  

Y 

 

AE 

 

9/30/1995 

 

Gravesite Wash 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Pumphouse Wash 

 

Approximately 800 
ft upstream of I-17 

 

15060202 0.5 

  

Y 

 

AE 

 

9/2016 

 

 
Harrenburg Wash 

Coconino 
County 
Unincorporated 
Areas 

 

Confluence with 
Pumphouse Wash 

Approximately 
1,300 ft 
upstream of 
confluence with 
Pumphouse 
Wash 

 

 
15060202 

 

 
 0.3 

  

 
Y 

 

 
AE 

 

 
9/2016 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 

Howard Draw Wash 

Coconino 
County 
Unincorporated 
Areas 

 

Lower Lake Mary 

Intersection of 
Forest Service 
Road 235 and 
Crimson Road 

 

15020015 

 

2 

  

Y 

 

AE 

 

1/1981 

 

Kanab Creek 

 
Town of 
Fredonia 

Approximately 0.2 
miles north east of Rt. 
89A and Cowboy Dr. 

Approximately 0.3 
miles north east of 
Rt. 89A and 
Cowboy Dr. 

 

15010003 

 

0.2 

  

Y 

 

AE 

 

3/1981 

 

 
Mormon Lake 

Coconino 
County 
Unincorporated 
Areas 

 
Northern Intersection of 
Mormon Lake Road 
and Country Road 3. 

Southern 
Intersection of 
Mormon Lake 
Road and Country 
Road 3. 

 

 
15020015 

  

 
4.83 

 

 
N 

 

 
A 

 

 
1/1981 

 

Mountainaire Wash 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Schoolhouse Draw 
Wash 

Downstream of 
NF-700L Forest 
Rd 

 

15060202 

 

1.1 

  

Y 

 

AE 

 

9/2016 

 

Munds Canyon 
Creek 

Coconino 
County 
Unincorporated 
Areas 

 

Confluence with Oak 
Creek 

 

Eastern end of 
Thompson Road 

 
15060202 

 
0.5 

  
Y 

 
AE 

 
1981 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 
 

Oak Creek 

City of Sedona, 
Coconino 
County 
Unincorporated 
Areas 

 

Approximately 0.5 
miles north of 
Grasshopper Point 

 

Oak Creek 
Terrace Resort 
along Rt. 89A 

 
 

15060202 

 
 

11.8 

  
 

Y 

 
 

AE 

 
 

9/30/1988 

 

 
OôNeil Springs Wash 

Coconino 
County 
Unincorporated 
Areas 

 

Confluence with 
Pumphouse Wash 

Approximately 
2,900 ft 
upstream of 
confluence with 
Pumphouse 
Wash 

 

 
15060202 

 

 
0.5 

  

 
Y 

 

 
AE 

 

 
9/2016 

 

 
OôNeil Tank Wash 

Coconino 
County 
Unincorporated 
Areas 

 

Confluence with 
Pumphouse Wash 

Approximately 
1,200 feet above 
the confluence 
with Pumphouse 
Wash 

 

 
15060202 

 

 
0.2 

  

 
Y 

 

 
AE 

 

 
9/2016 

 
Peaceful Valley 
Wash 

 

City of Flagstaff 

 
Confluence with Rio de 
Flag 

Approximately 1.5 
miles east of the 
south end of Lake 
Elaine 

 

15020015 

 

2.2 

  

Y 

 

AE 

 

1/1981 

 
Peak View Wash 

 
City of Flagstaff 

Approximately 130 feet 
downstream of Cooper 
Drive 

Approximately 120 
feet upstream of 
Lois Lane 

 
15020015 

 
0.2 

  
Y 

 
AE 

 
4/2004 

Penstock Avenue 
Wash City of Flagstaff Railhead Ave. Smokerise Dr. 15020015 0.5  Y AE 9/5/1995 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 

 
Pumphouse Wash 

 

Coconino 
County 
Unincorporated 
Areas 

At the downstream 
limit of effective 
flooding 

Approximately 
8,400 ft upstream 
of I-17 

 

 
15060202 

 

 
4.5 

  

 
Y 

 

 
AE 

 

 
9/2016 

 

 
Rio de Flag 
(upstream study) 

City of 
Flagstaff, 
Coconino 
County 
Unincorporated 
Areas 

 

 

Narrows Dam 

Approximately 500 
feet downstream 
of the Hidden 
Hollow Road 
crossing 

 

 

15020015 

 

 

1.2 

  

 

Y 

 

 

AE 

 

 

12/2008 

 

 
Rio de Flag 
(downstream study) 

City of 
Flagstaff, 
Coconino 
County 
Unincorporated 
Areas 

 

 
Rio Ranch Road 
crossing 

 
 

Route 66 

 
 

15020015 

 
 

15.1 

  
 

Y 

 
 

AE 

 
 

12/2008 

Rio de Flag Split 
Flow 

 
City of Flagstaff Confluence with Rio de Flag at N. Bonito St. 

Confluence with 
Rio de Flag near 
N. Thorpe Road 

 
15020015 

 
0.2 

  
Y 

 
AE 

 
1/1981 

 
Santa Fe Wash East 

 
City of Williams 

Approximately 0.36 
miles north of US 
Interstate 40 

 
Rt. 66 

 
15010004 

 
1.9 

  
Y 

 
AE 

 
3/1981 

 
Santa Fe Wash West 

 
City of Williams 

Approximately 0.36 
miles north of US 
Interstate 40 

North Grand 
Canyon Blvd. 

 
15010004 

 
1.6 

  
Y 

 
AE 

 
3/1981 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 
 

Schoolhouse Draw 
Wash 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Pumphouse Wash 

Approximately 
2,500 ft upstream 
of NF-707 Forest 
Road 

 
 

15060202 

 
 

2.2 

  
 

Y 

 
 

AE 

 
 

9/2016 

 

 

Schultz Creek 

City of 
Flagstaff, 
Coconino 
County 
Unincorporated 
Areas 

 
Approximately 2,000 
feet downstream of the 
Fort Valley Road 
crossing 

 

 

Shultz Pass Road 

 

 

15020015 

 

 

1.4 

  

 

Y 

 

 
AE, 
AO 

 

 

4/2004 

 

 
Sinclair Wash 

City of 
Flagstaff, 
Coconino 
County 
Unincorporated 
Areas 

 

 
Confluence with Rio de 
Flag 

 

Approximately 
0.14 miles west of 
Constitution Blvd. 

 

 
15020015 

 

 
3.5 

  

 
Y 

 

 
AE 

 

 
1/1981 

 
Soldier Wash 

 
City of Sedona Confluence with Oak 

Creek 

Approximately 100 
feet south of Rt. 
89A 

 
15060202 

 
0.6 

  
Y 

 
AE 

 
1981 

 

Spruce Avenue 
Wash 

 

 
City of Flagstaff 

 

North of Walmart on 
Huntington Dr. 

Approximately 
0.13 miles north of 
crossing the 
Arizona National 
Scenic Trail 

 

 
15020015 

 

 
2 

  

 
Y 

 

 
AE 

 

 
1/1981 

 

Stoneman Lake 
Coconino 
County 
Unincorporated 
Areas 

 

Stoneman Lake Road 

 

Lake View Ct. 

 

15060202 

  

0.24 

 

N 

 

AE 

 

3/1981 



35  

 

 
 
 

 

Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 

 
Switzer Canyon 
Wash 

City of 
Flagstaff, 
Coconino 
County 
Unincorporated 
Areas 

 

 
East Route 66 
crossing 

Approximately 
2,800 feet 
upstream of San 
Francisco Street 
crossing 

 

 
15020015 

 

 
4.9 

  

 
Y 

 

 
AE, 
AH 

 

 
4/2004 

 
Tributary 1 To 
Baderville Tributary 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Baderville Tributary 

Approximately 275 
feet west of N. 
Hadrians Walk 

 

15020015 

 

0.5 

  

Y 

 

AE 

 

1/1981 

 
Tributary 2 To 
Baderville Tributary 

Coconino 
County 
Unincorporated 
Areas 

 
Confluence with 
Baderville Tributary 

Approximately 75 
feet north of N. 
Galloway Trail 

 

15020015 

 

0.3 

  

Y 

 

AE 

 

1/1981 

Unnamed Wash City of Flagstaff W. High Country Trail Detention Basin 15020015 0.4  Y AE 1/1981 

 
West Street Wash 

 
City of Flagstaff 

 
6th Ave. 

Approximately 
0.12 miles east of 
Cedar Ave. 

 
15020015 

 
0.4 

  
N 

 
AE 

 
1/1981 

Unnamed Streams, 
Tucker Flat Wash, 
Wildcat Canyon 
Creek, Rio de Flag, 
Cataract Creek 

Coconino 
County 
Unincorporated 
Areas, City of 
Flagstaff, City 
of Williams 

 
 

Not Provided 

 
 

Not Provided 

 
 

15010004, 
15020015, 
15060202, 

 

 
Not 

Provided 

  
 

N 

 
 

A 

 
 

4/2008 
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Flooding Source 

 
 

 

Community 

 
 

 

Downstream Limit 

 
 

 

Upstream Limit 

 
 

HUC-8 
Sub- 

Basin(s) 

Length 
(mi) 

(streams 
or 

coastlines) 

Area 
(mi2) 

(estuaries 
or 

ponding) 

 
 

Floodway 
(Y/N) 

 

Zone 
shown 
on 

FIRM 

 
 

Date of 
Analysis 

 

 

 

 
 

 

 
 
 

Various Streams 
within Coconino 
County 

 

 

 

 
 

 

Coconino 
County, 
Havasupai 
Indian 
Reservation, 
City of Sedona, 
Town of 
Tusayan 

 

 

 

 
 

 

 
 

 

Not Provided 

 

 

 

 
 

 

 
 

 

Not Provided 

14070006, 
14070007, 
17080205, 
15010001, 
15010002, 
15010003, 
15010004, 
15010007, 
15020008, 
15020010, 
15020012, 
15020013, 
15020014, 
15020015, 
15020016, 
15020017, 
15020018, 
15060103, 
15060105, 
15060201, 
15060202, 
15060203 

 

 

 

 
 

 

 
 

 
Not 

Provided 

  

 

 

 
 

 

 
 

 

N 

 

 

 

 
 

 

 
 

 

A 

 

 

 

 
 

 

 
 

 

1/1981 

Various Streams 
within the City of 
Flagstaff 

 

City of Flagstaff 
 

Not Provided 
 

Not Provided 15020015, 
15060202 

Not 
Provided 

  

N 
 

A 
 

1/1981 

Various Streams 
within the Town of 
Fredonia 

Town of 
Fredonia 

 

Not Provided 
 

Not Provided 
 

15010003 Not 
Provided 

  

N 
 

A 
 

3/1981 

Various Streams 
within the City of 
Williams 

 
City of Williams 

 
Not Provided 

 
Not Provided 

15010004, 
15060201, 
15060202 

Not 
Provided 

  
N 

 
A 

 
3/1981 
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All floodways that were developed for this Flood Risk Project are shown on the FIRM 
using the symbology described in Figure 3. In cases where the floodway and l% annual 
chance floodplain boundaries are either close together or collinear, only the floodway 
boundary has been shown on the FIRM. For information about the delineation of 
floodways on the FIRM, refer to Section 6.3. 

 
2.3 Base Flood Elevations 

The hydraulic characteristics of flooding sources were analyzed to provide estimates of 
the elevations of floods of the selected recurrence intervals. The Base Flood Elevation 
(BFE) is the elevation of the 1% annual chance flood. These BFEs are most commonly 
rounded to the whole foot, as shown on the FIRM, but in certain circumstances or 
locations they may be rounded to 0.1 foot. Cross section lines shown on the FIRM may 
also be labeled with the BFE rounded to 0.1 foot. Whole-foot BFEs derived from 
engineering analyses that apply to coastal areas, areas of ponding, or other static areas 
with little elevation change may also be shown at selected intervals on the FIRM. 

 
Cross sections with BFEs shown on the FIRM correspond to the cross sections shown in 
the Floodway Data table and Flood Profiles in this FIS Report. BFEs are primarily 
intended for flood insurance rating purposes. For construction and/or floodplain 
management purposes, users are cautioned to use the flood elevation data presented in 
this FIS Report in conjunction with the data shown on the FIRM. 

 
2.4 Non-Encroachment Zones 

Some States and communities use non-encroachment zones to manage floodplain 
development. For flooding sources with medium flood risk, field surveys are often not 
collected and surveyed bridge and culvert geometry is not developed. Standard 
hydrologic and hydraulic analyses are still performed to determine BFEs in these areas. 
However, floodways are not typically determined, since specific channel profiles are not 
developed. To assist communities with managing floodplain development in these 
areas, a ñnon-encroachment zoneò may be provided. While not a FEMA designated 
floodway, the non-encroachment zone represents that area around the stream that 
should be reserved to convey the 1% annual chance flood event. As with a floodway, all 
surcharges must fall within the acceptable range in the non-encroachment zone. 

 
General setbacks can be used in areas of lower risk (e.g. unnumbered Zone A), but 
these are not considered sufficient where unnumbered Zone A is replaced by Zone AE. 
The NFIP requires communities to ensure that any development in a non-encroachment 
area causes no increase in BFEs. Communities must generally prohibit development 
within the area defined by the non- encroachment width to meet the NFIP requirement. 

 
Non-encroachment determinations may be delineated where it is not possible to 
delineate floodways because specific channel profiles with bridge and culvert geometry 
were not developed. Any non-encroachment determinations for this Flood Risk Project 
have been tabulated for selected cross sections and are shown in Table 24, ñFlood 
Hazard and Non-Encroachment Data for Selected Streams.ò Areas for which non-
encroachment zones are provided show BFEs and the 1% annual chance floodplain 
boundaries mapped as zone AE on the FIRM but no floodways. 
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2.5 Coastal Flood Hazard Areas 
 

This section is not applicable to this Flood Risk Project. 
 
 

2.5.1 Water Elevations and the Effects of Waves 
This section is not applicable to this Flood Risk Project. 

 
 

Figure 5: Wave Runup Transect Schematic 
[Not Applicable to this Flood Risk Project.] 

 
2.5.2 Floodplain Boundaries and BFEs for Coastal Areas 
This section is not applicable to this Flood Risk Project. 

 
 

2.5.3 Coastal High Hazard Areas 
This section is not applicable to this Flood Risk Project. 

 
 

Figure 6: Coastal Transect Schematic 
[Not Applicable to this Flood Risk Project.] 

 
2.5.4 Limit of Moderate Wave Action 
This section is not applicable to this Flood Risk Project. 

 

SECTION 3.0 – INSURANCE APPLICATIONS 
 
3.1 National Flood Insurance Program Insurance Zones 

For flood insurance applications, the FIRM designates flood insurance rate zones as 
described in Figure 3, ñMap Legend for FIRM.ò Flood insurance zone designations are 
assigned to flooding sources based on the results of the hydraulic or coastal analyses. 
Insurance agents use the zones shown on the FIRM and depths and base flood 
elevations in this FIS Report in conjunction with information on structures and their 
contents to assign premium rates for flood insurance policies. 

 
The 1% annual chance floodplain boundary corresponds to the boundary of the areas of 
special flood hazards (e.g. Zones A, AE, V, VE, etc.), and the 0.2% annual chance 
floodplain boundary corresponds to the boundary of areas of additional flood hazards. 

 
Table 3 lists the flood insurance zones in the unincorporated and incorporated areas of 
Coconino County. 
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Table 3: Flood Zone Designations by Community 

Community Flood Zone(s) 
Coconino County, Unincorporated Areas A, AE, AO, X, D 
Flagstaff, City of A, AE, AH, AO, X 
Fredonia, Town of A, AE, X 
Havasupai Indian Reservation A, X, D 
Page, City of AE, X, D 
Sedona, City of A, AE, X 
Tusayan, Town of A, X 
Williams, City of A, AE, AH, AO, X 

SECTION 4.0 – AREA STUDIED 

4.1 Basin Description 
Table 4 contains a description of the characteristics of the HUC-8 sub-basins within 
which each community falls. The table includes the main flooding sources within each 
basin, a brief description of the basin, and its drainage area. 

Table 4: Basin Characteristics 

HUC-8 Sub- 
Basin Name 

HUC-8 
Sub-Basin 
Number 

Primary 
Flooding 
Source Description of Affected Area 

Drainage 
Area 

(square 
miles) 

Lower 
Colorado- 
Marble 
Canyon 

15010001 Colorado 
River 

Contains ~7.9% of the county area 
in the northern third of the county. 
The HUC8 is entirely contained 
within the county and encompasses 
only unincorporated areas. 

1467 
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HUC-8 Sub- 
Basin Name 

 
HUC-8 

Sub-Basin 
Number 

 
Primary 
Flooding 
Source 

 
 
 
Description of Affected Area 

Drainage 
Area 

(square 
miles) 

 
 

 
Grand Canyon 

 
 

 
15010002 

 
 
 

Colorado 
River 

Contains ~7.3% of the county area 
along the western edge. The HUC8 
encompasses unincorporated areas 
and a small portion of the 
Havasupai Indian Reservation. 
Flood hazards have not been 
studied in this HUC8 within 
Coconino County. 

 
 

 
2551 

 

 

 
Havasu 
Canyon 

 

 
 
 

15010004 

 

 

 
Havasu 
Creek 

Contains ~15.7% of the county area 
within the middle of the county. This 
HUC8 is the largest watershed 
within the county and is contained 
entirely within the county. This 
HUC8 encompasses mostly 
unincorporated areas as well as 
most of the Havasupai Indian 
Reservation and most of the City of 
Williams. 

 

 
 
 

2932 

 

 

Red Lake 

 

 

15010007 

 

 
Truxton 
Wash 

Contains ~0.25% of the county area 
along the western edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 

1415 

 
Middle Little 
Colorado 

 

15020008 
Little 

Colorado 
River 

Contains ~8.0% of the county area 
in the southern third of the county. 
Encompasses only unincorporated 
areas. 

 

2522 

 

 
Chevelon 
Canyon 

 

 

15020010 

 

 

Pierce Wash 

Contains ~1.3% of the county area 
along the southern tip of the county. 
Encompasses only unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 

819 

 
 

Corn-Oraibi 

 
 

15020012 

 
 

Oraibi Wash 

Contains ~0.60% % of the county 
area along the eastern edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 
 

731 

 

 

Polacca Wash 

 

 

15020013 

 

 
Polacca 
Wash 

Contains ~0.34% % of the county 
area along the eastern edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 

1155 
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HUC-8 Sub- 
Basin Name 

 
HUC-8 

Sub-Basin 
Number 

 
Primary 
Flooding 
Source 

 
 
 
Description of Affected Area 

Drainage 
Area 

(square 
miles) 

 
 

Jadito Wash 

 
 

15020014 

 
 

Jadito Wash 

Contains ~0.08% % of the county 
area along the eastern edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 
 

938 

 

 

Canyon Diablo 

 

 

15020015 

 

San 
Francisco 
Wash 

Contains ~6.4% of the county area 
in the southern third of the county. 
This HUC8 is entirely contained 
within the county and includes 
almost all of the City of Flagstaff as 
well as unincorporated areas. 

 

 

1198 

 

 

Lower Little 
Colorado 

 

 
 

15020016 

 

 
Little 

Colorado 
River 

Contains ~12.83% of the county 
area in the center of the county. 
This HUC8 is second largest 
watershed in the county and is 
entirely contained within the county. 
This HUC8 only encompasses 
unincorporated areas. 

 

 
 

2392 

 

 
Dinnebito 
Wash 

 
 

15020017 

 

 
Dinnebito 
Wash 

Contains ~2.5% of the county area 
along the eastern edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 
 

818 

 

 

Moenkopi 
Wash 

 

 
 

15020018 

 

 

Moenkopi 
Wash 

Contains ~9.5% of the county area 
in the northeastern portion of the 
county. It is the third largest HUC8 
within the county and encompasses 
only unincorporated areas. Flood 
hazards have not been studied in 
this HUC8 within Coconino County. 

 

 
 

2649 

 

 
Upper Salt 

 

 
15060103 

 

 
Salt River 

Contains ~0.09% % of the county 
area along the southern edge, 
encompassing areas county. Flood 
hazards have not been studied in 
this HUC8 within Coconino County. 

 

 
2152 

 

 

Tonto 

 

 

15060105 

 

 

Tonto Creek 

Contains ~0.06% % of the county 
area along the southern edge, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 

1047 
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HUC-8 Sub- 
Basin Name 

 
HUC-8 

Sub-Basin 
Number 

 
Primary 
Flooding 
Source 

 
 
 
Description of Affected Area 

Drainage 
Area 

(square 
miles) 

 

Big Chino- 
Williamson 
Valley 

 
 

15060201 

 

 
Big Chino 
Wash 

Contains ~4.9% of the county area 
along the western edge of the 
county. Contains mostly 
unincorporated areas but also 
includes a small portion of the City 
of Williams. 

 
 

2153 

 

 
 

Upper Verde 

 

 
 

15060202 

 

 
 

Verde River 

Contains ~5.8% of the county area 
along the south western edge of the 
county. Contains mostly 
unincorporated areas and all of the 
City of Sedona. Also contains 
portions of the City of Williams and 
the City of Flagstaff. 

 

 
 

2506 

 

Lower Lake 
Powell 

 

 
14070006 

 

Colorado 
River 

Contains ~7.5% of the county area 
along the northeastern corner of the 
county. The HUC8 encompasses 
mostly unincorporated areas as well 
as the entire City of Page. 

 

 
2934 

 
 

Paria 

 
 

14070007 

 
 

Paria River 

Contains ~2.0% of the county area 
along the northern edge, 
encompassing only unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 
 

1418 

 

 
Lower San 

Juan 

 

 

14080205 

 

 
San Juan 
River 

Contains ~0.24% % of the county 
area along the northeastern corner, 
encompassing unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 

2437 

 

 
Kanab 

 

 
15010003 

 

 
Kanab Creek 

Contains ~5.3% of the county area 
along the northwestern corner, 
encompassing mostly 
unincorporated areas as well as the 
entire Town of Fredonia. 

 

 
2362 

 

 
Lower Verde 

 

 
15060203 

 

 
Verde River 

Contains ~1.4% of the county area 
along the southern edge, 
encompassing only unincorporated 
areas. Flood hazards have not 
been studied in this HUC8 within 
Coconino County. 

 

 
1965 

 

4.2 Principal Flood Problems 
Table 5 contains a description of the principal flood problems that have been noted for 
Coconino County by flooding source. 
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Table 5: Principal Flood Problems 
 

Flooding 
Source 

 
Description of Flood Problems 

Cataract 
Creek 

The history of flooding in the City of Williams area indicates that constrictive 
hydraulic structures are a major contributing factor to flooding. Floodflows, 
backed up by constrictive hydraulic structures at road crossings, spread into 
the floodplain areas and in some instances flow overland into other washes. 
The overland floodflows are generally shallow, causing low-lying structures to 
be inundated by flows less than one foot deep. 

The flood of December 1978 was caused by rainfall on the snow-covered 
mountains above the City of Williams. Floodflows on Cataract Creek backed 
up at 5th Street, causing weir flow over 5th Street. This flow went overland, 
crossing at 2nd Street and the Burlington Northern & Santa Fe Railway. Flow 
also broke out on Cataract Creek at Edison Avenue, causing shallow flooding 
east to 2nd Street. This flood was estimated to have been approximately a 75- 
year flood. 

Howard Draw 
Wash 

Flooding has occurred on Howard Draw Wash in 1993, 1995, and 2004 
affecting the subdivisions of Lake Mary Park and Lake Mary Meadows. High- 
water elevations on Lower Lake Mary in May 1980 ponded into the lower areas 
of Howard Draw Wash, inundating some roads and driveways, and making 
access difficult to some homes. 

Kanab Creek In the Town of Fredonia, floods on Kanab Creek are caused by snowmelt and 
rain on snow during the spring, and heavy rains in July and August. 

The first great flood on Kanab Creek to do appreciable damage occurred on 
July 29, 1883. It flooded all the farmlands and meadowlands in the canyon 
near Kanab, along with all the field crops south of the village, and scoured out 
a broad channel below the former valley floodplain. In 1884 and 1885, the 
flooding occurred daily for 3 or 4 weeks, continuing the erosion of the channel. 
As a result of these 3 years of floods, the streambed was cut down 
approximately 70 feet for a distance of 15 miles downstream of Kanab. Since 
1886, the trenching action has continued, extending upward to the extreme 
headwaters of Kanab Creek and throughout its tributaries (USBR, 1974). 

In 1890, an irrigation dam was built at the site of the present irrigation dam in 
the Town of Fredonia. That dam was washed away before it was completed. 
Another dam was completed in about 1892 and served until 1909. In that year, 
it was also washed away by a tremendous flood. The existing irrigation dam 
was completed a couple of years later (USBR, 1974). There is no documented 
history of flooding since 1909. 

No recurrence interval of stage-discharge information for the Town of Fredonia 
has been established for the past floods. Recurrence intervals on past floods 
have not been estimated because of the large amount of erosion and 
deposition associated with the flooding of this stream. 

Mormon Lake History of water-surface elevations and flooding from Mormon Lake indicates a 
wide range of water levels. Mormon Lake has been dry on numerous 
occasions through the years. In 1927, a peninsula on the southwest comer of 
Mormon Lake became an island due to high water. The saddle of this 
peninsula has been checked to be an approximate elevation of 7,118 feet NA 
VD. This was the highest water level ever reached according to long-time 
residents of the area. The water level has fluctuated between these extremes 
through the years, with USGS topographic maps (USGS, 1965) giving an 
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Flooding 
Source 

 

Description of Flood Problems 
 elevation of 7,110 feet NAVD for the lake. Flood damages due to high water 

levels appear to have been slight in the past on Mormon Lake. 

Munds Park 
Wash 

History of flooding in the Munds Park Wash area is limited. However, as 
recently as December 2004, the golf course at Pinewood Country Club and 
adjacent residences were inundated by significant flooding. Flooding in 1979 at 
the Mormon Lake Road crossing spread to the west and caused shallow 
flooding in a small development before returning to Odell Lake. The Mormon 
Lake Road crossing has been changed from a dip section to a bridge, thus 
changing the potential for flooding at this site. Also, during flooding in 1979, the 
spillway on Odell Lake was washed out, causing flooding of the sparsely 
populated golf course area downstream. This spillway was rebuilt after the 
flooding in 1979. 

Oak Creek In Coconino County, in the City of Sedona, Oak Creek has flooded many times 
in past years. Significant flood flows occurred in the following years as 
recorded at the USGS gage station at Cornville: 1885, 1938, 1952, 1956, 
1964, 1967, 1969, 1970, 1976, 1978, 1979, 1980, 1993, 1995, and 2004. 

In the flooding of 1980, the discharge measured at the Cornville gage station 
was 18,000 cubic feet per second (cfs) on February 15 and 25,000 cfs on 
February 19. These floods were estimated by the study contractor to have had 
approximately a 2-percent annual chance (50-year) recurrence interval in the 
vicinity of the City of Sedona. Damage due to flooding has been mostly in the 
form of erosion and, therefore, loss of land. 

Rio de Flag Significant flooding occurred in the upper reaches of the Rio de Flag in 
December 2004 affecting the unincorporated community of Fort Valley. 
Additionally, significant floodflows occurred on Rio de Flag in the following 
years: 1888, 1896, 1903, 1905, 1916, 1920, 1923, 1937, 1938, 1950, 1963, 
1966, and 1973. Although some documentation exists for these floods, the 
descriptions are limited to flooding within the City of Flagstaff Due to light 
development in these areas at that time, damages were probably limited to 
erosion and loss of land. 

Rio de Flag 
and 
associated 
streams within 
the City of 
Flagstaff 

The past history of flooding within the City of Flagstaff indicates that flooding 
may occur during any season of the year. Three types of storms produce 
precipitation in the area: general winter storms, general summer storms, and 
local storms. Summer storms normally are high-intensity, short-duration local 
storms, but severe, general summer storms, usually associated with tropical 
cyclones, also occur. General winter storms cover large areas and are usually 
of long duration. Their intensities are normally light to moderate. 

 Because climatic and drainage area characteristics are not conducive to 
continuous runoff, streamflow only occurs during and after rainfall and during 
periods of snowmelt. In areas of high permeability, as in the northern part of 
the drainage basin, little runoff occurs even from heavy rains. 

 The following is a list of descriptions of known floods. The sources of these 
descriptions are newspaper accounts, railroad records, museum publications, 
U.S. Soil Conservation Service reports, and Flagstaff city officials (USACE-Los 
Angeles, 1975). 

 November 1888 ï Flood was caused by intense rainfall of less than 1-day 
duration. It was during this flood that the ñBottomless Pitsò opened up on the 
surface. A newspaper article in 1903 calls 1888 the largest flood to have 
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Flooding 
Source 

 

Description of Flood Problems 
 occurred. Water extended from old Hotel Weatherford to the school and was 

said to be ñdeep enough for a horse to swim.ò There may have been another 
flood, equally serious, in August 1888. 

July 1896 ï Following heavy rain of short duration, the river overflowed its 
banks in many places within the City of Flagstaff, finding its old channel where 
the stream enters the city. South of the city, flat areas were covered with 
water. 

April 1903 ï Melting snow and falling rain caused the river to overflow its 
banks and take its former course through the City of Flagstaff When the river 
reached its highest stage, that portion of the city lying between Leroux and 
Sitgreaves Streets, in the flat part of the city just north of the railroad tracks, 
was under 1 to 15 inches of water. The area of Coconino County south of the 
tracks and west of the stream was flooded. Since 1896, the river has had little 
water flowing in it. 

November 1905 ï There was no mention of flooding in November or any other 
time of the year. The month of November, however, was the wettest month on 
record, to 1905. It rained 7.10 inches, which is 4.88 inches above average for 
the month of November. U.S. Weather Bureau records indicate 3.91 inches of 
rain fell between November 11 and November 27. 

January 1916 ï Several days of snow and rain caused the river to run full, 
threatening to overflow in places. However, a freezing period retarded runoff 
from snowmelt enough to prevent damage. There had never been such a 
snowfall followed by steady rains, according to the oldest resident. The U.S. 
Weather Bureau measured 54 inches of snow in January, with an estimated 12 
inches total water equivalent of snow and rainfall. 

February 1920 ï A 3-day rain, falling on already saturated soil, resulted in 
flooding not equaled in the previous 25 years. The river overflowed its banks 
and converted the area south of the city into a sizable lake. In the Bottomless 
Pits area, water was said to be 30 feet deep, but this was probably an 
exaggeration. Railroad records give a high-water elevation of 6,765.3 feet 
NAVD, indicating a depth of approximately 19 feet. Flow in the Bottomless Pits 
area was augmented by runoff from Slaughter House, Switzer, and several 
other smaller canyons. Runoff could have been greater had it not snowed in 
Fort Valley. Precipitation in the City of Flagstaff was reported to be 1.85 
inches. 

September 1923 ï Nearly 3 days of hard rain caused the river to overflow its 
banks and flood more than one-third of the city, forming a lake that covered 
almost all the south side and extended to the east for several miles. Railroad 
records give a higher water elevation in the Bottomless Pits area of 6,762 feet 
NAVD. Precipitation in the City of Flagstaff was reported to be 2.12 inches. 

April 1937 ï The river, through the city, was near or at channel capacity for 
several days because of melting snow. This was the first time since 1923 that 
floodwaters flowed into the Bottomless Pits. The water-surface elevation in the 
Bottomless Pits area is not known. 

March 1938 - Continuous rain falling on melting snow forced the river far over 
its banks at some points, and floodwaters lapped the floodbeams of several 
bridges. Much of the south side was under water. 
March 1950 ï Rain and snowmelt caused the river to flow bankfull from Park 
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Description of Flood Problems 

 Lake to OôLeary Street. There was little, if any, overflow. 

August 1963 ï An intense thunderstorm occurred on August 2, dumping 1.71 
inches on the City of Flagstaff in 1 hour. One-half inch is said to have fallen in 
5 minutes. Although the river was approximately 3 feet deep just north of the 
railroad tracks and lacked some 2 feet of overflowing, serious local flooding 
occurred in the vicinity of Aspen and Beaver Streets. 

March 1966 ï Snowmelt flood. Elevation of high-water mark in Bottomless Pits 
area was 6,756 feet NAVD. 

April 1973 ï Snowmelt flood. The river flowed bank-full for several days. No 
overflow. High-water elevation of 6,754.8 feet NAVD was estimated by a 
consultant to the city. The USGS measured a peak of 23 5 cfs at their staff 
gage north of the city. 

Flooding problems are aggravated by natural obstructions to floodflows 
including brush, trees, and other vegetation growing along the streambanks in 
the floodplain. These obstructions impede the flow of floodwaters, causing 
backwater and increased floodwater depths. Also, debris, such as brush, trees, 
and manmade objects, can be carried along by the floodwaters and possibly 
block bridge or culvert crossings. This debris is capable of causing a reduction 
in flow through the structure resulting in a higher backwater condition and 
increased floodwater depths. 

Many of the study areas in the City of Flagstaff consist of a small-capacity 
channel with many crossings and heavily developed floodplains. In such 
places, floodwater easily exceeds the capacity of the main flow channel and 
overflows into the floodplains where it is further impeded by the heavy 
development. 

Stoneman 
Lake 

History of water-surface elevations and flooding from Stoneman Lake indicates 
a wide range of water levels. Stoneman Lake has also been dry or near dry on 
numerous occasions through its history. According to long-time residents of 
the area, the lake was at a record high elevation in the spring of 1980. The 
level was recorded at 6,733.4 feet NAVD on May 2, 1980. The lake level rose 
slightly after that. The USGS topographic maps (USGS, 1965) report a water- 
surface elevation of 6, 720 feet NAVD for the lake. Flood damages on 
Stoneman Lake have been in the form of inundation of land. 

Various 
flooding 
sources 

Significant flood events have affected several unincorporated communities in 
Coconino County in recent years, most notably 1993, 1995, and 2004. 
Affected communities include Fort Valley, Kachina Village, Mountain Dell, Pine 
Del, Munds Park, and Oak Creek Canyon. 

 

Table 6 contains information about historic flood elevations in the communities within 
Coconino County. 
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Table 6: Historic Flooding Elevations 
 

 
 

Flooding 
Source 

 
 
 

Location 

Historic 
Peak 
(Feet 

NAVD88) 

 
 
 

Event Date 

Approximate 
Recurrence 
Interval 
(years) 

 
 

Source of 
Data 

Rio de Flag Bottemless Pits 
area 6,765.3 February 1920 N/A Railroad 

records 

Rio de Flag Bottemless Pits 
area 6,762 September 

1923 N/A Railroad 
records 

Rio de Flag Bottemless Pits 
area 6,756 March 1966 N/A High-water 

mark 

Rio de Flag N/A 6,754.8 April 1973 N/A Flagstaff 
consultant 

 
4.3 Non-Levee Flood Protection Measures 

Table 7 contains information about non-levee flood protection measures within Coconino 
County such as dams, jetties, and or dikes. Levees are addressed in Section 4.4 of this FIS 
Report. 
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Table 7: Non-Levee Flood Protection Measures 
 

Flooding 
Source 

Structure 
Name 

Type of 
Measure 

 
Location 

 
Description of Measure 

 
 
 
Cataract 
Creek 

 
 
 

N/A 

 
 

Breaching 
street 

crossings 

 
 
 
Along the upper 
Cataract Creek 

Floodplain management 
measures used in the past 
to reduce potential flood 
damages consisted of 
breaching street crossings 
on upper Cataract Creek to 
increase the capacity of the 
wash. 

 
Cataract 
Creek 

 
Embankment 

ID #20 

 
Levee like 
embankment 

 
Within the City of 
Williams 

A shallow levee like 
embankment structure was 
constructed along Cataract 
Creek. 

 
 
 
City Park 
Reservoir 

 
 
 

City Park 
Reservoir 

 
 
 

Reservoir 

 
 
 
South of the City 
of Williams 

City Park Reservoir was 
considered in the Coconino 
County FIS; however, due 
to the small size and 
storage capabilities of the 
dam, the flood protection 
provided by the dam is 
limited. 

 
 
 
 
Kanab Creek 

 
 
 
 

N/A 

 
 
 
 

Berm 

Town of Fredonia, 
east side of 
Kanab Creek from 
the irrigation dam 
upstream to 
around the area 
east of McKinney 
Street 

This berm provides flood 
protection by containing 
the 1-percent annual 
chance flood to Kanab 
Creek, thereby minimizing 
flooding between U.S. 
Alternate Highway 89 and 
Kanab Creek below 
McKinney Street. 

 
 
 
 
 
Kanab Creek 

 
 
 

Flood 
Retarding 
Structure 

and 
Diversion 
Channel 

 
 
 
 

Retarding 
structure and 
diversion 
channel 

 
 
 
 

Northeast of the 
Town of Fredonia 

Constructed by the U.S. 
Soil Conservation Service 
in the early 1970s 
northeast of town. The 
Flood Retarding Structure 
will retain the 1-percent 
annual chance flood 
originating from alluvial 
flooding from northeast of 
town. The Diversion 
Channel has a 100 cfs 
release rate. 

 
Munds Park 
Wash 

 
 
Odell Dam 

 
Small, earth 
filled dam 

Immediately 
upstream of 
Pinewood Country 
Club 

A small, earthen dam with 
a concrete spillway 
creating Odell Lake, but its 
effect in reducing potential 
flood damage is minimal. 
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Flooding 
Source 

Structure 
Name 

Type of 
Measure 

 
Location 

 
Description of Measure 

 

 
Munds Park 
Wash 

 

 

N/A 

 

 

Bridge 

 
Intersection of 
Mormon Lake 
Road and Munds 
Park Wash 

A bridge has been built at 
to replace a dip-section. 
This bridge will reduce 
flooding potential in a 
development southwest of 
the intersection. 

 

 

 
Oak Creek 

 

 

 
N/A 

 

 

Small dikes 
and riprapped 
embankments 

 

 

Along Oak Creek 
in Coconino 
County 

Several small dikes and 
riprapped embankments 
have been constructed by 
private landowners along 
Oak Creek in Coconino 
County to protect their 
property from inundation 
and erosion during floods. 

 

Rio de Flag 

 
Embankment 

ID #14 

 
Levee like 

embankment 

Intersection of Rio 
de Flag and 
Interstate 40. 

A shallow levee like 
embankment structure was 
constructed along Rio de 
Flag. 

 

 
Santa Fe 
Reservoir 

 

 
Santa Fe 
Reservoir 

 

 
 

Reservoir 

 

 
Within the City of 
Williams 

This dam was considered 
in the original study of the 
City of Williams. Due to the 
small size and storage 
capability of the dam, the 
flood protection provided is 
limited. 

 
 

 

 

 

 
Stoneman 
Lake 

 
 

 

 

 
 

N/A 

 
 

 

 

 
 

Small dike 

 
 

 

 

 

 
Along Stoneman 
Lake 

A small dike was built 
along Stoneman Lake in 
1956 by the SCS and a 
private landowner to 
protect a portion of the 
surrounding area from 
flooding. Although the dike 
was built to have 2-foot 
freeboard above the 
highest-known water level 
at that time, the dike is 
presently under water. No 
significant building damage 
occurred due to the 
overtopping of the dike. 
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Flooding 
Source 

Structure 
Name 

Type of 
Measure 

 
Location 

 
Description of Measure 

 
Tucker Flat 
Wash 

 
Embankment 

ID #7 

 
Levee like 

embankment 

Tucker Flat Wash, 
eastern Coconino 
County 

A shallow levee like 
embankment structure was 
constructed along Tucker 
Flat Wash. 

 
Unnamed 
Stream 

 
Embankment 

ID #3 

 
Levee like 

embankment 

 

City of Flagstaff 

A shallow levee like 
embankment structure was 
constructed along an 
unnamed stream. 

 
Unnamed 
Stream 

 
Embankment 

ID #11 

 
Levee like 

embankment 

 
Along U.S. Route 
66 

A shallow levee like 
embankment structure was 
constructed along an 
unnamed stream. 

 
 

 
 

Upper 
Saginaw 
Reservoir 

 
 

 
 

Upper 
Saginaw 
Reservoir 

 
 

 

 

Reservoir 

 
 

 

 
Within the City of 
Williams 

This reservoir may or may 
not remain due to 
questions pertaining to the 
safety of the reservoir dam. 
This dam was considered 
in the original study of the 
City of Williams. Due to the 
small size and storage 
capability of the dam, the 
flood protection provided is 
limited. 

Wildcat 
Canyon 
Creek 

 
Embankment 

ID #12 

 
Levee like 

embankment 

 
East of the City of 
Flagstaff 

A shallow levee like 
embankment structure was 
constructed along Wildcat 
Canyon Creek. 

 

4.4 Levees 
This section is not applicable to this Flood Risk Project. 

 
 

Table 8: Levees 
[Not Applicable to this Flood Risk Project.] 

 
 

SECTION 5.0 – ENGINEERING METHODS 
 

For the flooding sources in the community, standard hydrologic and hydraulic study 
methods were used to determine the flood hazard data required for this study. Flood 
events of a magnitude that are expected to be equaled or exceeded at least once on the 
average during any 10-, 25-, 50-, 100-, or 500-year period (recurrence interval) have 
been selected as having special significance for floodplain management and for flood 
insurance rates. These events, commonly termed the 10-, 25-, 50-, 100-, and 500-year 
floods, have a 10-, 4-, 2-, 1-, and 0.2% annual chance, respectively, of being equaled or 
exceeded during any year. 
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Although the recurrence interval represents the long-term, average period between 
floods of a specific magnitude, rare floods could occur at short intervals or even within 
the same year. The risk of experiencing a rare flood increases when periods greater than 
1 year are considered. For example, the risk of having a flood that equals or exceeds the 
100-year flood (1-percent chance of annual exceedance) during the term of a 30-year
mortgage is approximately 26 percent (about 3 in 10); for any 90-year period, the risk
increases to approximately 60 percent (6 in 10). The analyses reported herein reflect
flooding potentials based on conditions existing in the community at the time of
completion of this study. Maps and flood elevations will be amended periodically to
reflect future changes.

The engineering analyses described here incorporate the results of previously issued 
Letters of Map Change (LOMCs) listed in Table 26, ñIncorporated Letters of Map 
Changeò, which include Letters of Map Revision (LOMRs). For more information about 
LOMRs, refer to Section 6.5, ñFIRM Revisions.ò 

5.1 Hydrologic Analyses 
Hydrologic analyses were carried out to establish the peak elevation-frequency 
relationships for floods of the selected recurrence intervals for each flooding source 
studied. Hydrologic analyses are typically performed at the watershed level. Depending 
on factors such as watershed size and shape, land use and urbanization, and natural or 
man-made storage, various models or methodologies may be applied. A summary of the 
hydrologic methods applied to develop the discharges used in the hydraulic analyses for 
each stream is provided in Table 12. Greater detail (including assumptions, analysis, 
and results) is available in the archived project documentation. 

A summary of the discharges is provided in Table 9. Frequency Discharge-Drainage 
Area Curves used to develop the hydrologic models may also be shown in Figure 7 for 
selected flooding sources. A summary of stillwater elevations developed for non-coastal 
flooding sources is provided in Table 10. (Coastal stillwater elevations are discussed in 
Section 5.3 and shown in Table 16.) Stream gage information is provided in Table 11. 
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Table 9: Summary of Discharges 
 

 
 
 
Flooding Source 

 
 
 
Location 

 
 
Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

Baderville Tributary to 
Rio de Flag At confluence with Rio de Flag 8.1 * * * 385 * 
Bow and Arrow Wash Near Bennett Drive * * * * 146 * 
Bow and Arrow Wash At Yaqui Drive * * * * 155 * 

Bow and Arrow Wash At Intersection of Zumi Drive and 
Walapai Drive * * * * 194 * 

Bow and Arrow Wash Approximately 1,320 feet upstream 
of Lone Tree Road * * * * 243 * 

Bow and Arrow Wash Approximately 3,960 feet 
downstream of Lone Tree Road * * * * 320 * 

Bow and Arrow Wash At confluence with Rio de Flag 2.9 160 * 320 420 700 

Cataract Creek Upstream of Santa Fe Reservoir 
Dam 4.95 173 * 601 1,099 2,500 

Cataract Creek Downstream of Santa Fe Reservoir 
Dam 4.95 1101 * 4111 9381 2,2001 

Cataract Creek Downstream of confluence at 
Cataract Creek Tributary 6.61 136 * 486 1,064 2,400 

Cataract Creek At confluence with West Cataract 
Creek 7.15 153 * 5192 1,0802 2,400 

Cataract Creek At U.S. Highways 66 & 89 7.15 153 * 524 1,107 2,400 
Cataract Creek 
Tributary Downstream of City Park Dam 1.4 281 * 911 1861 3601 

Cataract Creek 
Tributary Upstream of City Park Dam 1.4 64 * 257 481 1,100 

Cemetary Wash At confluence with West Cataract 
Creek 1.06 471 * 1851 2591 * 

Cemetary Wash At U.S. Highways 66 & 89 1.06 50 * 209 385 1,050 
Clay Avenue Wash At confluence with Rio de Flag 12.7 80 * 290 450 1,020 

Clay Avenue Wash Approximately one mile above 
confluence with Rio de Flag 12.6 70 * 280 440 1,000 
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Flooding Source 

 
 

 
Location 

 
 

Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

Clay Avenue Wash Near upstream limit of detailed 
study 9.7 45 * 210 340 795 

Clay Avenue Wash 
Split Flow 

At confluence with Clay Avenue 
Wash 

3 1 * 36 77 257 
Country Club Wash At confluence with Rio de Flag 1.6 60 * 130 170 300 

Country Club Wash At upstream limit of detailed study, 
downstream of two reservoirs 1.0 20 * 40 50 90 

Dewey Grade Wash At confluence with Pumphouse Wash  0.2 65 87 105 124 169 
Fanning Drive Wash At confluence with Rio de Flag 2.60 290 * 570 730 1,200 
Fanning Drive Wash At Linda Vista Drive 1.03 118 * 238 307 506 
Fanning Drive Wash At upstream limit of detailed study 0.93 100 * 210 270 450 
Gravesite Wash At confluence with Pumphouse Wash  0.7 230 307 365 428 575 
Gravesite Wash East of I-17, approximately 0.3 mi 

upstream of confluence with 
Pumphouse Wash 

0.3 101 135 162 191 260 

Harrenburg Wash At confluence with Pumphouse Wash  6.5 1,408 1,896 2,285 2,715 3,781 
Howard Draw Wash At confluence with Lower Lake Mary 9.5 2,370 * 3,920 4,510 6,400 

Kanab Creek At downstream limit of detailed 
study 287.0 2,830 * 7,560 10,500 21,500 

Mountainaire Wash At confluence with Schoolhouse 
Draw Wash 

1.5 434 577 691 817 1,109 

Mountainaire Wash Approximately 500 feet upstream of 
Tonowanda Rd 

0.7 230 306 367 433 590 

Munds Canyon Creek At confluence with Oak Creek 64.3 6,180 * 11,160 14,520 23,000 

Munds Park Wash At Interstate Highway 17 44.3 5,780 * 10,140 13,040 20,000 
Munds Park Wash Approximately 600 feet upstream of 

Interstate Highway 17 
21.7 2,870 * 4,970 6,360 9,300 

Oak Creek At Coconino-Yavapai County 
boundary 245.9 9,4504 * 20,3104 26,9204 45,6504 

Oak Creek At confluence of Soldier Wash 236.8 9,9304 * 20,7704 27,2004 45,700 

Oak Creek Approximately 0.6 mile downstream 
of confluence of Wilson Canyon 225.4 10,3504 * 21,1604 27,4504 45,000 

Oak Creek At confluence of Munds Canyon 
Creek 215.4 11,230 * 21,950 27,930 45,000 
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Oak Creek Upstream of confluence of Munds 
Canyon Creek 151.0 7,050 * 13,980 17,140 28,000 
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Flooding Source 

 
 

 
Location 

 
 

Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

 

Oak Creek 
Approximately 0.75 mile 
downstream of Banjo Bill 
Campground 

 

142.9 
 

6,850 
 

* 
 

13,660 
 

16,710 
 

27,000 

Oak Creek At confluence of West Fork Oak 
Creek 134.3 6,510 * 13,080 15,960 26,000 

 

Oak Creek 
Approximately 1.5 miles 
downstream of confluence of 
Pumphouse Wash 

 

87.3 
 

3,570 
 

* 
 

6,780 
 

8,240 
 

13,000 

OôNeil Springs Wash At confluence with Pumphouse Wash 0.2 82 105 122 141 185 
OôNeil Tank Wash At confluence with Pumphouse Wash 1.0 278 354 413 477 625 
Peaceful Valley Wash At confluence with Rio de Flag 4.3 110 * 260 360 670 
Peaceful Valley Wash At upstream limit of study 1.7 40 * 100 140 260 

Peak View Wash At confluence with Rio de Flag 
(after diversion at Cooper Drive) 0.94 * * * 20 * 

 

Peak View Wash 
Just upstream of the intersection of 
Cooper Drive and Peak View 
Tributary Wash 

 

0.94 
 

* 
 

* 
 

* 
 

105 
 

* 

Penstock Avenue 
Wash At confluence with Rio de Flag 2.3 30 * 90 140 310 

Pumphouse Wash End of watershed, approximately 1.1 
mi downstream (west) of Ancient 
Trail 

20.3 3,745 5,141 6,282 7,617 10,507 

Pumphouse Wash Confluence of Pumphouse Wash and 
Harrenburg Wash, approximately 0.1 
mi west of Ancient Trail 

18.7 3,575 4,958 6,026 7,183 9,867 

Pumphouse Wash Approximately 0.1 mi west of Ancient 
Trail 

12.2 2,423 3,343 4,043 4,799 6,570 

Pumphouse Wash Upstream of Kachina Trail 11.6 2,423 3,273 3,939 4,669 6,400 
Pumphouse Wash East of I-17, at confluence of 

Pumphouse Wash and Schoolhouse 
Draw Wash 

9.4 2,078 2,801 3,387 4,022 5,520 

Pumphouse Wash Upstream of confluence with 
Schoolhouse Draw Wash 

4.3 1,158 1,540 1,858 2,198 3,026 

Pumphouse Wash Upstream of confluence with Dewey 
Grade Wash 

3.9 1,111 1,476 1,761 2,060 2,801 
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Flooding Source 

 
 

 
Location 

 
 

Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

 

Rio de Flag 
Approximately 3.0 miles upstream 
of confluence with San Francisco 
Wash (at downstream limit of study) 

 

198.38 
 

1,401 
 

* 
 

3,239 
 

4,484 
 

8,300 

Rio de Flag Flow upstream of final Tributary 129.55 1,123 * 2,573 3,502 6,500 
Rio de Flag Flow upstream of Townsend Bridge 121.61 1,086 * 2,487 3,376 6,100 
Rio de Flag Upstream of U.S. Highway 66 110.6 1,050 * 2,400 3,250 5,800 

Rio de Flag At confluence of Switzer Canyon 
Wash 98.9 1,050 * 2,400 3,250 5,800 

Rio de Flag Above confluence of Bow and 
Arrow Wash 80.3 900 * 2,000 2,700 4,750 
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Flooding Source Location 
Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

4% Annual 
Chance 

2% Annual 
Chance 

1% Annual 
Chance 

0.2% 
Annual 
Chance 

Rio de Flag At confluence of Sinclair Wash 67.3 600 * 1,350 1,850 3,300 

Rio de Flag Upstream of confluence of Clay 
Avenue Wash 53.7 510 * 1,100 1,450 3,000 

Rio de Flag Above Crescent Drive 50.5 290 * 840 1,300 2,900 
Rio de Flag At Narrows Dam 43.3 260 * 760 1,200 2,600 

Rio de Flag At confluence of Hidden Hollow 
Wash 30.6 70 * 410 680 1,650 

Rio de Flag 
Approximately 0.5 mile downstream 
of road proceeding south from 
Arizona Snow Bowl Access Road 

29.0 70 * 400 660 1,600 

Rio de Flag 
Approximately 0.5 mile upstream of 
road proceeding south from Arizona 
Snow Bowl Access Road 

23.5 50 * 320 530 1,300 

Rio de Flag Approximately 1.33 miles upstream 
of U.S. Highway 180 12.2 17 * 142 246 642 

Rio de Flag Split Flow At confluence with Rio de Flag 5 5 * 278 456 1,260 
Santa Fe Wash East At confluence with Cataract Creek 5.82 304 * 792 1,305 2,500 

Santa Fe Wash East Upstream of confluence of Santa Fe 
Wash West 4.91 156 * 481 836 1,750 

Santa Fe Wash East At U.S. Highways 66 and 89 0.92 81 * 250 421 900 

Santa Fe Wash West At confluence with Santa Fe Wash 
East 0.91 184 * 419 708 1,340 

Santa Fe Wash West At U.S. Highways 66 & 89 0.56 182 * 393 633 1,340 
Schoolhouse Draw 
Wash 

At confluence with Pumphouse Wash 5.2 1,015 1,377 1,661 1,974 2,712 

Schoolhouse Draw 
Wash 

At confluence of Mountainaire Wash 4.6 927 1,251 1,511 1,798 2,471 

Schoolhouse Draw 
Wash 

At NF-762 Forest Road 3.1 575 780 944 1,125 1,553 

Schoolhouse Draw 
Wash 

Approximately 400 ft upstream of 
NF-707 Forest Road 

1.7 328 445 539 642 885 

Schultz Creek At confluence with Rio de Flag 6.0 * * * 440 * 
Sinclair Wash At confluence with Rio de Flag 11.6 350 * 670 890 1,600 
Sinclair Wash At Palmer Avenue 8.0 100 * 320 470 990 
Sinclair Wash At upstream limit of detailed study 5.4 50 * 180 270 600 
Soldier Wash At confluence with Oak Creek 3.3 890 * 1,420 1,720 2,450 
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Flooding Source 

 
 

 
Location 

 
 

Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

Spruce Avenue Wash At Santa Fe Avenue 7.3 240 * 460 580 930 
Spruce Avenue Wash Above East Linda Vista Drive 5.7 60 * 180 260 520 
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Flooding Source 

 
 

 
Location 

 
 

Drainage Area 
(Square Miles) 

Peak Discharge (cfs) 

10% 
Annual 
Chance 

 
4% Annual 
Chance 

 
2% Annual 
Chance 

 
1% Annual 
Chance 

0.2% 
Annual 
Chance 

Spruce Avenue Wash Near upstream limit of detailed 
study 5.3 50 * 160 230 480 

Switzer Canyon 
Wash At confluence with Rio de Flag 11.0 280 * 600 800 1,400 

Switzer Canyon 
Wash 

At downstream Turquoise Drive 
crossing 2.1 80 * 190 250 450 

Switzer Canyon 
Wash At upstream corporate limits * * * * 150 * 

Switzer Canyon 
Wash 

Approximately 528 feet upstream of 
intersection of Juniper Avenue and 
Turquoise Drive 

 

* 
 

* 
 

* 
 

* 
 

150 
 

* 

Switzer Canyon 
Wash At upstream of Route 66 2.1 * * * 250 * 

Switzer Canyon 
Wash 

At Atchison, Topeka, Santa Fe 
Railway * 79 * 108 252 454 

Switzer Canyon 
Wash At Enterprise Road * 101 * 250 346 642 

Tributary 1 to 
Baderville Tributary At stream mile 0.76 3.42 * * * 162 * 

Tributary 2 to 
Baderville Tributary At stream mile 1.28 1.5 * * * 73 * 

West Street Wash Below south driveway of High 
School 0.3 22 * 45 58 97 

* Not calculated for this Flood Risk Project 
1 Decrease due to storage upstream 
2 Decrease due to overbank losses upstream 
3 Floods caused by overflow from Clay Avenue Wash; hence, no applicable drainage area other than the drainage area of Clay Avenue Wash at this location. 
4 Decrease due to overbank storage upstream 
5 Floods caused by overflow from Rio de Flag; hence, no applicable drainage area other than the drainage area of Rio de Flag at this location. 
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Figure 7: Frequency Discharge-Drainage Area Curves 
[Not Applicable to this Flood Risk Project.] 

 
 

Table 10: Summary of Non-Coastal Stillwater Elevations 
 

 
 
 
 
Flooding Source 

 
 
 
 
Location 

Elevations (feet NAVD88) 
 

10% Annual 
Chance 

 

4% Annual 
Chance 

 

2% Annual 
Chance 

 

1% Annual 
Chance 

 

0.2% Annual 
Chance 

 
Mormon Lake 

22 miles south- 
southeast of the City of 
Flagstaff 

 
7,115.9 

 
* 

 
* 

 
7,120.4 

 
7,123.4 

 
Detention Basin 

South of Sinclair 
Wash within the City 
of Flagstaff 

 
* 

 
* 

 
* 

 
6,925.4 

 
* 

Stoneman Lake 
(with diversion ditch 
closed) 

30 miles south- 
southeast of the City 
of Flagstaff 

 
6,728.6 

 
* 

 
* 

 
6,732.8 

 
6,735.2 

*Not calculated for this Flood Risk Project 
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Table 11: Stream Gage Information used to Determine Discharges 
 

 
 
Flooding 
Source 

 
 

Gage 
Identifier 

Agency 
that 

Maintains 
Gage 

 
 

Site 
Name 

Drainage 
Area 

(Square 
Miles) 

Period of Record 
 

From 

 
To 

Cataract 
Creek 
Tributary 

 
N/A 

 
USGS 

 
N/A 

 
N/A 

 
N/A 

 
N/A 

Kanab 
Creek N/A USGS N/A N/A 1959 1968 

Munds 
Park 
Wash 

 
143 Yavapai 

County 
Munds 
Park 

 
N/A 

 
12/7/1989 

 
11/1994 

Oak 
Creek 

 
09504420 

 
USGS 

Oak 
Creek 
near 
Sedona 

 
355 

 
4/14/1985 

 
N/A 

 
5.2 Hydraulic Analyses 

Analyses of the hydraulic characteristics of flooding from the sources studied were 
carried out to provide estimates of the elevations of floods of the selected recurrence 
intervals. Base flood elevations on the FIRM represent the elevations shown on the 
Flood Profiles and in the Floodway Data tables in the FIS Report. Rounded whole-foot 
elevations may be shown on the FIRM in coastal areas, areas of ponding, and other 
areas with static base flood elevations. These whole- foot elevations may not exactly 
reflect the elevations derived from the hydraulic analyses. Flood elevations shown on the 
FIRM are primarily intended for flood insurance rating purposes. For construction and/or 
floodplain management purposes, users are cautioned to use the flood elevation data 
presented in this FIS Report in conjunction with the data shown on the FIRM. The 
hydraulic analyses for this FIS were based on unobstructed flow. The flood elevations 
shown on the profiles are thus considered valid only if hydraulic structures remain 
unobstructed, operate properly, and do not fail. 

 
For streams for which hydraulic analyses were based on cross sections, locations of 
selected cross sections are shown on the Flood Profiles (Exhibit 1). For stream 
segments for which a floodway was computed (Section 6.3), selected cross sections are 
also listed on Table 23, ñFloodway Data.ò 

 
A summary of the methods used in hydraulic analyses performed for this project is 
provided in Table 12. Roughness coefficients are provided in Table 13. Roughness 
coefficients are values representing the frictional resistance water experiences when 
passing overland or through a channel. They are used in the calculations to determine 
water surface elevations. Greater detail (including assumptions, analysis, and results) is 
available in the archived project documentation. 
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Table 12: Summary of Hydrologic and Hydraulic Analyses 
 

 
 
Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 
Special Considerations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Baderville 
Tributary to Rio 
de Flag 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Confluence with 
Rio de Flag 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approximately .2 
miles south of 
Hashknife Trail 
Road 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Normal-depth 
calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HEC-2 step- 
backwater, 

WSPRO, J635 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1/1981 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AE w/ 
Floodway 

Normal-depth calculations were used to 
determine the starting water-depth elevation 
for Baderville Tributary. 

Hydraulic calculations were performed using 
two USGS models. WSPRO was used for the 
culvert, road overflow, and floodway 
computations at Bader and Suzette Roads 
and the floodway analyses at cross sections 
D, E, G, and H. The backwater analyses and 
remaining floodway elevation computations 
were carried out by the J635 computer model 
(USGS, undated). Cross sections used for 
the study were surveyed by USGS personnel 
in October 1989. Normal-depth calculations 
were used to determine the starting water- 
depth elevation for Baderville Tributary. 

The revised hydraulic analysis was performed 
using the USACE HEC-2 step backwater 
computer program. Because of the new 
topography, the BFEs were increased, the 1- 
and 0.2-percent annual chance floodplain 
boundaries were modified, and the 1-percent 
annual chance floodway was realigned. The 
HEC-2 hydraulic computer model was used 
to determine the base flood elevations. The 
starting water-surface elevation was taken 
from the previous study. The cross-section 
data for the channelized portions of the wash 
was obtained from the USGS and the City of 
Flagstaff Engineering Division. Overbank 
information was obtained from aerial 
topographic maps. Roughness coefficients 
were chosen by engineering judgment and 
based on field observations. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Bow and Arrow 
Wash 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Approximately 
1,800 feet 
upstream of Lake 
Mary Road 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
South Lone Tree 
Road crossing 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
The discharges 
used were 

obtained from 
the City of 
Flagstaff FIS 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
HEC-RAS 

Version 3.1.3 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

4/2004 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
AE w/ 

Floodway 

The expansion and contraction coefficients 
used in the HEC-RAS model were 
determined from the HEC-RAS Userôs 
Manual. For gradual transitions, which 
include more reaches in this study, the 
contraction and expansion coefficients were 
set as 0.1 and 0.3, respectively. At locations 
where the cross-sectional area and flow 
direction change abruptly, values of 0.2 to 0.4 
and 0.4 to 0.6 were used for these 
coefficients. At structure location values of 
0.3 and 0.5 were used. 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

In this model, there appears to be two 
locations that produce hydraulic jumps due to 
a culvert and a change in slope. The first 
location is 1/2 mile downstream of Lake Mary 
Road along the wash. The channel in this 
location changes from a steep to a gradual 
slope, thus creating a hydraulic jump. The 
second location is just downstream of Lake 
Mary Road at the culvert outlet. 

There are several locations showing divided 
flows. These divided flows appear to be 
isolated islands and appear to be 
hydraulically connected both upstream and 
downstream. There are several locations 
showing divided flows. These divided flows 
appear to be isolated islands and appear to 
be hydraulically connected both upstream 
and downstream. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 
Bow and Arrow 
Wash (cont.) 

 

 
Approximately 
1,800 feet 
upstream of Lake 
Mary Road 

 

 

 
South Lone Tree 
Road crossing 

 

The discharges 
used were 

obtained from 
the City of 
Flagstaff FIS 

 

 

 
HEC-RAS 

Version 3.1.3 

 

 

 

4/2004 

 

 

 
AE w/ 

Floodway 

All along the wash between Leupp Drive to 
Yaqui Drive, there are several locations of 
supercritical flow conditions. These are 
mainly due to the wash crossings at 
developed areas. This development 
constricts flow between properties, thus 
creating either an expansion or contraction 
between cross sections. 

 

 

 

 
 
Cataract Creek 

 

 

 

 
Approximately 0.36 
miles north of US 
Interstate 40 

 

 

 

 
0.5 miles upstream 
Santa Fe Reservoir 
dam 

 

 

 

 
 

SCS TR-20 

 

 

 

 

HEC-2 step- 
backwater 

 

 

 

 
 

3/1981 

 

 

 
 

A, AE w/ 
Floodway 

AO 

Results were compared with data taken from 
a USGS gage station with 14 years of record 
on a tributary to Cataract Creek. 

Discharges on portions of Cataract Creek 
decrease due to overbank losses upstream. 
Discharges on portions of Cataract Creek 
decrease due to overbank losses upstream. 

Starting water-surface elevations for Cataract 
Creek were derived from normal-depth 
calculations. 

 

 

 
Cataract Creek 
(Embankment ID 
#20) 

 

 

 
Floodplain 
downstream of the 
interstate 

 

 

 

Upstream of 
Interstate 40 

 

 

 

 
Not Provided 

 

 

Approximate 
analyses of 

ñbehind leveeò 
flooding 

 

 

 

 
4/2008 

 

 

 

 
A 

Embankment with inventory ID # 20 is located 
on Cataract Creek. Based on topographic 
information from the USGS (i.e., 10m DEMs) 
the approximate area of 1-percent annual 
chance flooding in the event of failure of the 
structure was delineated to connect the 
discontinuous floodplain from upstream of 
Interstate 40 to the floodplain downstream of 
the interstate. 

 

 
Cataract Creek 
Tributary 

 

 
Confluence with 
Cataract Creek 

 

 
 
City Reservoir 

 

 
 

SCS TR-20 

 

 
HEC-2 step- 
backwater 

 

 
 

3/1981 

 

 
AE w/ 

Floodway 

Results were compared with data taken from 
a USGS gage station with 14 years of record 
on a tributary to Cataract Creek. 

Discharges decrease with increasing 
drainage area on Cataract Creek Tributary 
due to storage upstream. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 
 

Cataract Creek 
Tributary (cont.) 

 

 

 
 

Confluence with 
Cataract Creek 

 

 

 

 
City Reservoir 

 

 

 

 
SCS TR-20 

 

 

 
 

HEC-2 step- 
backwater 

 

 

 

 
3/1981 

 

 

 
 

AE w/ 
Floodway 

No profile is shown for Cataract Creek 
Tributary for approximately 370 feet 
downstream of City Port Dam due to the 
extreme steepness of the spillway (an 
approximate 18-foot vertical drop per 100 
feet). 

Starting water-surface elevations for Cataract 
Creek Tributary were derived from normal- 
depth calculations. 

 

 

 

 

Cemetary Wash 

 

 

 

 

US Interstate 40 

 

 

 

Approximately 0.12 
miles west of City 
of Williams 

 

 

 

 

SCS TR-20 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

3/1981 

 

 

 

 
AE w/ 

Floodway 

Results were compared with data taken from 
a USGS gage station with 14 years of record 
on a tributary to Cataract Creek. 

Discharges on Cemetary Wash due to 
overbank losses upstream. 

Starting water-surface elevations for 
Cemetary Wash were derived from a rating 
curve for the culverts at Interstate Highway 
40. 

 

 

 

 

 
Clay Avenue 
Wash (Rio de 
Flag confluence) 

 

 

 

 

 
0.3 mile upstream 
from confluence 
with Rio de Flag 

 

 

 

 

0.925 mile 
upstream from 
confluence with Rio 
de Flag 

 

 

 

 

 

 
Not Provided 

 

 

 

 

HEC-RAS 
Version 3.1.3, 
BOSS RMS 
Version 2000 

 

 

 

 

 

 
4/2004 

 

 

 

 

 

AE w/ 
Floodway 

The revised hydraulic analyses resulted in 
changes to the BFEs, modifications to the 
floodplain boundaries, and the addition of a 
floodway along Clay Avenue Wash from 
approximately 0.300 mile upstream to 0.925 
mile upstream of the confluence with Rio de 
Flag. In support of this revision, the following 
technical data were submitted: 

Å A topographic map of Clay Avenue Wash 
from 0.300 mile upstream to 0.925 mile 
upstream of the confluence with Rio de Flag, 
prepared by the City of Flagstaff, dated May 
1988; and 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

Clay Avenue 
Wash (Rio de 
Flag confluence) 
(cont.) 

 

 

 

 

 
0.3 mile upstream 
from confluence 
with Rio de Flag 

 

 

 

 

0.925 mile 
upstream from 
confluence with Rio 
de Flag 

 

 

 

 

 

 
Not Provided 

 

 

 

 

HEC-RAS 
Version 3.1.3, 
BOSS RMS 
Version 2000 

 

 

 

 

 

 
4/2004 

 

 

 

 

 

AE w/ 
Floodway 

Å As-built drawings of Westglen Mobile Home 
Park, Public and Private Improvements, 
prepared by P & D Technologies, dated 
January 25, 1989. 

The work study maps consisted of the 2-foot 
contour intervals topographic mapping. Also, 
USGS 7.5-minute quadrangle topographic 
mapping with a 1:24,000 scale, and 20-foot 
contour intervals. However, due to the lack of 
accuracy or inconsistencies between 
mapping sources, these maps were used as 
reference purposes only and topographic 
information was obtained by field survey. 

 

 

 

 

 

 

 

 

 

 
Clay Avenue 
Wash 

 

 

 

 

 

 

 

 

 
Intersection of 
West Clay Avenue 
and Interstate 40 
Business 

 

 

 

 

 

 

 

 

 

 
Forest Service 
Road 506 

 

 

 

 

 

 

 

 

 

 
 

HEC-1 

 

 

 

 

 

 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

 

 

 

 

 

 
 

3/1/1995 

 

 

 

 

 

 

 

 

 

 
AE w/ 

Floodway 

The USACE had previously studied Rio de 
Flag and Sinclair Wash in a 1975 report 
(USACE-Los Angeles, 1975). A study 
addressing floodflow peaks on Rio de Flag 
and other tributaries within the City of 
Flagstaff, including Clay Avenue Wash, 
Fanning Drive Wash, Sinclair Wash, and 
Switzer Canyon Wash, was published for the 
City of Flagstaff in 1979 (Arizona Engineering 
Company, 1979). A complete review of the 
hydrology of both reports was conducted. 
The hydrology model from the City of 
Flagstaff report (Arizona Engineering 
Company, 1979) was adopted with minor 
modifications for use in this FIS. 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

Clay Avenue Wash has divided flow between 
cross sections P and T. 



64  

 

 
 

 
Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 
Clay Avenue 
Wash Split Flow 

 

 
 
Confluence with 
Clay Avenue Wash 
approximately 125 
feet downstream of 
W. Shellie Dr. 

 

 
 
Confluence with 
Clay Avenue Wash 
approximately 750 
feet upstream of W. 
Shellie Dr. 

 

 

 

 

Not Provided 

 

 

 

 

Not Provided 

 

 

 

 

1/1981 

 

 

 

 

AE 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

At the Rio de Flag and Clay Avenue Wash 
areas of split flow, the 10-percent annual 
chance flood is contained in the main 
channel. 

 

 

 

 

 
 

 
County Club 
Wash 

 

 

 

 

 
 

 
Confluence with 
Rio de Flag 

 

 

 

 

 
 
 

Golf course pond 
north side of East 
Mt. Pleasant Drive 

 

 

 

 

 
 

 
 

HEC-1 

 

 

 

 

 
 

 
HEC-2 step- 
backwater 

 

 

 

 

 
 

 
 

1/1981 

 

 

 

 

 
 

 
AE w/ 

Floodway 

Starting water-surface elevations for Rio de 
Flag, Peaceful Valley Wash, and Country 
Club Wash were based on storage-routing 
using the USACE HEC-1 computer program 
(USACE-HEC, 1973). The storage-routing 
condition occurring at U.S. Highway 66 
causes ponding upstream of U.S. Highway 
66 past the confluences of Peaceful Valley 
Wash and Country Club Wash with Rio de 
Flag for the 10-, 2-, 1-, and 0.2-percent 
annual chance floods. 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

 

Detention Basin 

 

S Wild West Trail 

Approximately 0.2 
miles upstream 
from S Wild West 
Trail. 

 

Not Provided 

 

Not Provided 

 
Not 

Provided 

 

AE 
 
None 

Dewey Grade 
Wash 

Confluence with 
Pumphouse Wash 

Downstream of 
Old Munds 
Highway 

HEC-1, 
Version 4.1 

HEC-RAS, 
Version 4.1.0 

 

9/2016 AE w/ 
Floodway 

None 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fanning Drive 
Wash 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Confluence with 
Rio de Flag 

 

 

 

 

 

 

 
 

 

 

 

 

 

Approximately 140 
feet north east of 
Skyline Dr. and 
Forest Brook St. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
HEC-1 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
9/30/1995 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

AE w/ 
Floodway 

The USACE had previously studied Rio de 
Flag and Sinclair Wash in a 1975 report 
(USACE Los Angeles, 1975). A study 
addressing floodflow peaks on Rio de Flag 
and other tributaries within the City of 
Flagstaff, including Clay Avenue Wash, 
Fanning Drive Wash, Sinclair Wash, and 
Switzer Canyon Wash, was published for the 
City of Flagstaff in 1979 (Arizona Engineering 
Company, 1979). A complete review of the 
hydrology of both reports was conducted. 
The hydrology model from the City of 
Flagstaff report (Arizona Engineering 
Company, 1979) was adopted with minor 
modifications for use in this FIS. 

No 0.2-percent annual chance flood 
elevations were modeled or plotted on the 
profiles for Fanning Drive Wash. The capacity 
of the wash would not convey the 0.2-percent 
annual chance flood. 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

One area of shallow flooding along Fanning 
Drive Wash breaks out along Linda Vista 
Drive and flows south to U.S. Highway 66. 
Another area of shallow flooding occurs 
between Fanning Drive Wash, Linda Vista 
Drive, and Fanning Drive. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 
Fanning Drive 
Wash (cont.) 

 

 

 

 

 

 
Confluence with 
Rio de Flag 

 

 

 

 

 
Approximately 140 
feet north east of 
Skyline Dr. and 
Forest Brook St. 

 

 

 

 

 

 

HEC-1 

 

 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

 

 

9/30/1995 

 

 

 

 

 

 
AE w/ 

Floodway 

No 0.2-percent annual chance flood 
elevations were modeled or plotted on the 
profiles for Fanning Drive Wash. It is 
estimated that the 0.2-percent annual chance 
flood event for Fanning Drive Wash will break 
out between stations 1.88 and 1.50 along 
Linda Vista Drive. Most of this flooding will 
not return to the channel. 

The culvert on Fanning Drive Wash at the 
railroad has a small capacity compared to the 
entire flow; therefore, a weir equation was 
used to determine the backwater elevation 
behind the railroad embankment. No 
floodway is shown for this area. 

 

Gravesite Wash Confluence with 
Pumphouse Wash 

 

Approximately 800 ft 
upstream of I-17 

HEC-1, 
Version 4.1 

HEC-RAS, 
Version 4.1.0 

 

9/2016 AE w/ 
Floodway 

None 

 
Harrenburg 
Wash 

 
Confluence with 
Pumphouse Wash 

Approximately 
1,300 feet 
upstream of  
confluence with 
Pumphouse Wash 

 
HEC-1, 

Version 4.1 

 
HEC-RAS, 
Version 4.1.0 

 

9/2016 

 
AE w/ 

Floodway 

 
None 

 

 

 

 

 

 
Howard Draw 
Wash 

 

 

 

 

 
 
 

Lower Lake Mary 

 

 

 

 

 

Intersection of 
Forest Service 
Road 235 and 
Crimson Road 

 

 

 

 

 
 
 

SCS TR-20 

 

 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

 
 
 

1/1981 

 

 

 

 

 

 
AE w/ 

Floodway 

Because of the similar hydrologic 
characteristics of the Howard Draw Wash 
drainage area with that of the Oak Creek 
area, the TR-20 computer program (USDA, 
1965) was also used to perform the 
hydrologic analysis for Howard Draw Wash, 
using similar input data. 

Because starting water-surface elevations for 
Howard Draw Wash were dependent on lake 
elevations of Lower Lake Mary, it was 
necessary to establish the lake elevations for 
selected recurrence intervals. This was done 
using a previous hydrology report for the City 
of Flagstaff (Hydrology Consultants, Inc., 
1975). 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 

 
Kanab Creek 

 

 

 

 

 

 

 
 

 
Approximately 0.2 
miles north east of 
Rt. 89A and 
Cowboy Dr. 

 

 

 

 

 

 

 
 

 
Approximately 0.3 
miles north east of 
Rt. 89A and 
Cowboy Dr. 

 

 

 

 

 

 

 
SCS TR-20 with 
Type 1 Storm 
Distribution. 

USGS 
Regression 
Equation, and 
USGS Index 
Method 

 

 

 

 

 

 

 
 

 
 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 

 
3/1981 

 

 

 

 

 

 

 
 

 
 

AE w/ 
Floodway 

Several hydrologic methods were used to 
establish discharge-frequency relationships 
for Kanab Creek through the Town of 
Fredonia. The SCS TR-20 computer program 
(USDA, 1965) was used, with a Type 1 storm 
distribution applied with precipitation data 
obtained from National Oceanic and 
Atmospheric Atlas Volumes VI and VIII 
(NOAA, 1973B). The USGS Regression 
Equation (ADOT, 1978) and the USGS Index 
Method (USGS, 1962) were also used. These 
results were compared with the results 
obtained from a USGS gaging station with 9 
years of record (1959 to 1968) on Kanab 
Creek above the Town of Fredonia as a 
further check of the results. 

Approximate flooding for Lost Spring Wash 
was determined from a Flood Hazard 
Boundary Map (FIA, 1978), and tied into 
detailed flooding from Kanab Creek. 

Floodway widths extend beyond the 
Coconino County boundary for Kanab Creek. 

 

 

 

 

 
Mormon Lake 

 

 

 

Northern 
Intersection of 
Mormon Lake Road 
and Country Road 
3. 

 

 

 

Southern 
Intersection of 
Mormon Lake Road 
and Country Road 
3. 

 

 

 
SCS methods 
described in 
Technical 

Service Center 
Technical Note- 

P0-6 

 

 

 

 
 

HEC-2 step- 
backwater 

 

 

 

 

 
1/1981 

 

 

 

 

 
A 

Analyses were carried out to establish the 
peak elevation-frequency relationships for 
floods of the selected recurrence intervals for 
Mormon Lake. No lake gage records exist for 
Mormon Lake. Approximate historic lake 
elevations were determined from 
recollections of long-time local residents and 
observations of high water marks from U.S. 
Forest Service aerial photographs (USDA, 
1978). Water-surface elevations were 
established in June 1980 when they were 
above normal water elevations. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 

 

 

 

 
 
Mormon Lake 
(cont.) 

 

 

 

 

 

 

 
 

 

 

 

 

Northern 
Intersection of 
Mormon Lake Road 
and Country Road 
3. 

 

 

 

 

 

 

 
 

 

 

 

 

Southern 
Intersection of 
Mormon Lake Road 
and Country Road 
3. 

 

 

 

 

 

 

 
 

 

 

 

 
SCS methods 
described in 
Technical 

Service Center 
Technical Note- 

P0-6 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
1/1981 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
A 

The 1-percent annual chance frequency lake 
elevation for Mormon Lake was established 
by adding the volume from a 10-day duration, 
1-percent annual chance frequency storm to 
the mean maximum lake elevation as 
determined from historic information. The 10- 
day duration rainfall for a 1-percent annual 
chance storm was computed using SCS 
methods described in Technical Service 
Center Technical Note- P0-6 (USDA, 1975). 
Precipitation values for the analysis were 
derived from the National Oceanic and 
Atmospheric Administration Atlas, Volume III 
(NOAA, 1973A). Using the rainfall computed 
for the 10-day duration, 1-percent annual 
chance storms along with runoff curve 
numbers, the net volume of runoff was 
calculated using SCS procedures. 

An elevation versus storage rating curve was 
prepared for Mormon Lake. Storage volume 
was computed by the use of USGS 
topographic maps (USGS, 1965). 

Using the mean maximum water-surface 
elevations determined from historic 
information with the net volumes of runoff for 
the 10-day duration storms and the elevation 
versus storage rating curves, the lake water- 
surface elevation for the selected recurrence 
interval was determined. No 2-percent annual 
chance flood elevation was determined for 
Mormon Lake. 

 
Mountainaire 
Wash 

 
Confluence with 
Schoolhouse Draw 
Wash 

Downstream of 
NF-700L Forest 
Road 

 
HEC-1, 

Version 4.1 

 
HEC-RAS, 
Version 4.1.0 

 

9/2016 

 
AE w/ 

Floodway 

 
None 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 
Munds Canyon 
Creek 

 

 

 

 

 

 

 
 

 
Confluence with 
Oak Creek 

 

 

 

 

 

 

 
 

 
Eastern end of 
Thompson Road 

 

 

 

 

 

 

 
 

 
SCS TR-20 

 

 

 

 

 

 

 
 

 
HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 
1981 

 

 

 

 

 

 

 
 

 
AE w/ 

Floodway 

Input data for the TR-20 computer program 
was prepared for the Yavapai County FIS as 
part of the hydrology report on Oak Creek in 
Yavapai County (FEMA, 1991). 

To obtain peak floodflows at the required 
concentration points of Oak Creek and 
tributaries, Soldier Wash, and Munds 
Canyon, it was necessary to modify the TR- 
20 model by adding additional concentration 
points. Further modification, in the form of 
higher areal reduction factors applied to the 
precipitation data, was necessary to model 
the relatively higher peak floodflows occurring 
from the smaller drainage areas. Therefore, 
peak discharges for Munds Canyon, Soldier 
Wash, Munds Park, and upper reaches of 

Oak Creek are higher than peak discharges 
obtained at the same location when the lower 
Oak Creek peak discharges were being 
investigated. 

 

 

 

 

 
 

Munds Park 
Wash 

 

 

 

 

 
 

 
Interstate 17 

 

 

 

 

 

Approximately 0.95 
miles upstream 
from E. Pinewood 
Blvd. 

 

 

 

 

 

 
SCS TR-20 

 

 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

 

 
1981 

 

 

 

 

 

 
AE w/ 

Floodway 

Input data for the TR-20 computer program 
was prepared for the Yavapai County FIS as 
part of the hydrology report on Oak Creek in 
Yavapai County (FEMA, 1991). 

To obtain peak floodflows at the required 
concentration points of Oak Creek and 
tributaries, Soldier Wash, and Munds Canyon, it 
was necessary to modify the TR- 20 model by 
adding additional concentration points. Further 
modification, in the form of higher areal 
reduction factors applied to the precipitation 
data, was necessary to model the relatively 
higher peak floodflows occurring from the 
smaller drainage areas. Therefore, peak 
discharges for Munds Canyon, Soldier Wash, 
Munds Park, and upper reaches of 

Oak Creek are higher than peak discharges 
obtained at the same location when the 
lower Oak Creek peak discharges were 
being investigated. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 

 

 
Oak Creek 

 

 

 

 

 

 

 

 
Approximately 0.5 
miles north of 
Grasshopper Point 

 

 

 

 

 

 

 

 
Oak Creek Terrace 
Resort along Rt. 
89A 

 

 

 

 

 

 

 

 

 
SCS TR-20 

 

 

 

 

 

 

 

 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 

 

 
9/30/1988 

 

 

 

 

 

 

 

 

AE w/ 
Floodway 

Input data for the TR-20 computer program 
was prepared for the Yavapai County FIS as 
part of the hydrology report on Oak Creek in 
Yavapai County (FEMA, 1991). 

To obtain peak floodflows at the required 
concentration points of Oak Creek and 
tributaries, Soldier Wash, and Munds 
Canyon, it was necessary to modify the TR- 
20 model by adding additional concentration 
points. Further modification, in the form of 
higher areal reduction factors applied to the 
precipitation data, was necessary to model 
the relatively higher peak floodflows occurring 
from the smaller drainage areas. Therefore, 
peak discharges for Munds Canyon, Soldier 
Wash, Munds Park, and upper reaches of 
Oak Creek are higher than peak discharges 
obtained at the same location when the lower 
Oak Creek peak discharges were being 
investigated. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

 

 

 

 

 
 
Oak Creek 
(cont.) 

 

 

 

 

 

 

 
 

 

 

 

 

 

Approximately 0.5 
miles north of 
Grasshopper Point 

 

 

 

 

 

 

 
 

 

 

 

 

 

Oak Creek Terrace 
Resort along Rt. 
89A 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
SCS TR-20 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
1981 

 

 

 

 

 

 

 
 

 

 

 

 

 
 

AE w/ 
Floodway 

Discharges on Oak Creek decrease with 
increasing drainage area between Munds 
Canyon Creek and the Yavapai County 
boundary due to overbank storage. 

The hydrologic analysis of the watershed 
affecting the Oak Creek area in the City of 
Sedona, including Soldier Wash, was 
performed using the NRCS TR-20 computer 
program (FEMA, 1991). Input data for the TR- 
20 computer program were prepared for the 
Yavapai County FIS as part of the hydrology 
report on Oak Creek in Yavapai County 
(USGS, 1973). To obtain peak floodflows at 
the required concentration points of Oak 
Creek and Soldier Wash, it was necessary to 
modify the TR-20 model by adding additional 
concentration points. 

Further modification, in the form of higher 
area reduction factors applied to the 
precipitation data, was necessary to model 
the relatively higher peak flood flows 
occurring from the smaller drainage areas. 
Therefore, peak discharges for Soldier Wash 
and upper reaches of Oak Creek are higher 
than peak discharges obtained at the same 
location when the lower Oak Creek peak 
discharges were being investigated. 
Discharges on Oak Creek decrease with 
increasing drainage area between Munds 
Canyon Creek and the Yavapai County line 
due to overbank storage. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 
Oak Creek 
(cont.) 

 

 

 

 

 

 
Approximately 0.5 
miles north of 
Grasshopper Point 

 

 

 

 

 

 
Oak Creek Terrace 
Resort along Rt. 
89A 

 

 

 

 

 

 
 

SCS TR-20 

 

 

 

 

 

 

HEC-2 step- 
backwater 

 

 

 

 

 

 
 

1981 

 

 

 

 

 

 

AE w/ 
Floodway 

This revised hydraulic analysis was based on 
more detailed topographic information for the 
right overbank of Oak Creek at cross section 
S. The result of this analysis was an increase 
in the BFEs and a decrease in the width of 
the Special Flood Hazard Area and floodway 
along Oak Creek between cross sections 
Rand T. In addition, the width of the floodway 
was increased by 27 feet at cross section V. 

Due to the confined nature and high 
velocities on Oak Creek between cross 
sections AP and BU, and between cross 
sections BV and CE, the 1-percent 
annual chance floodplain was designated 
as the floodway. 

 
OôNeil Springs 
Wash 

 
Confluence with 
Pumphouse Wash 

Approximately 
2,900 feet above 
the confluence with 
Pumphouse Wash 

 
HEC-1, 

Version 4.1 

 
HEC-RAS, 
Version 4.1.0 

 

9/2016 

 
AE w/ 

Floodway 

 
None 

 
OôNeil Tank 
Wash 

 
Confluence with 
Pumphouse Wash 

Approximately 
1,200 feet above 
the confluence with 
Pumphouse Wash 

 
HEC-1, 

Version 4.1 

 
HEC-RAS, 
Version 4.1.0 

 

9/2016 

 
AE w/ 

Floodway 

 
None 

 

 
Peaceful Valley 
Wash 

 

 
Confluence with 
Rio de Flag 

 
Approximately 1.5 
miles east of the 
south end of Lake 
Elaine 

 

 

HEC-1 

 

 
HEC-2 step- 
backwater 

 

 

1/1981 

 

 
AE w/ 

Floodway 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 
Peaceful Valley 
Wash (cont.) 

 

 

 
Confluence with 
Rio de Flag 

 

 
Approximately 1.5 
miles east of the 
south end of Lake 
Elaine 

 

 

 

HEC-1 

 

 

 
HEC-2 step- 
backwater 

 

 

 

1/1981 

 

 

 
AE w/ 

Floodway 

Starting water-surface elevations for Peaceful 
Valley Wash were based on storage-routing 
using the USACE HEC-1 computer program 
(USACE-HEC, 1973). The storage-routing 
condition occurring at U.S. Highway 66 
causes ponding upstream of U.S. Highway 
66 past the confluences of Peaceful Valley 
Wash. 

 

 

 

 

 

 

 

 

 

 

 
 

Peak View Wash 

 

 

 

 

 

 

 

 

 

 
 

Approximately 130 
feet downstream of 
Cooper Drive 

 

 

 

 

 

 

 

 

 

 
 

Approximately 120 
feet upstream of 
Lois Lane 

 

 

 

 

 

 

 

 

 

 

 
 

HEC-1 

 

 

 

 

 

 

 

 

 

 

 
HEC-2 step- 
backwater 

 

 

 

 

 

 

 

 

 

 

 
 

4/2004 

 

 

 

 

 

 

 

 

 

 

 
AE w/ 

Floodway 

Country Club Wash with Rio de Flag for the 
10-, 2-, 1-, and 0.2-percent annual chance 
floods. 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

In this model, there appears to be two 
locations where hydraulic jumps occur. The 
two locations, south of Mountain Drive and 
the other south of Lois Lane, both hydraulic 
jumps are due to the culverts at the crossing 
locations and the slope transition between 
steep to gradual at the structure, thus 
creating high velocities and hydraulic jumps 
downstream of the structure location. 

There is no divided flow in this model. 
However, there is a flow split at Cooper Drive 
near the confluence with the Rio de Flag 
Wash. 

There are two locations where supercritical 
flow conditions occur. 
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Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

 

 

 

 

 

 

 
 

Penstock Avenue 
Wash 

 

 

 

 

 

 

 
 

 
Railhead Ave. 

 

 

 

 

 

 

 
 

 
Smokerise Dr. 

 

 

 

 

 

 

 
 

 
HEC-1 

 

 

 

 

 

 

 
 

HEC-2 step- 
backwater 

 

 

 

 

 

 

 
 

 
9/5/1995 

 

 

 

 

 

 

 
 

AE w/ 
Floodway 

Water-surface elevations in the City of 
Flagstaff were computed with obstruction of 
modeled hydraulic structures considered. 
This approach was considered necessary 
because of the high debris potential due to 
urbanization and natural vegetation. 

Shallow flooding occurs east of Penstock 
Avenue Wash from between Empire and 
Commerce Avenues to between Railhead 
Avenue and U.S. Highway 66. 

No 0.2-percent annual chance flood 
elevations were modeled or plotted on the 
profiles for Penstock Avenue. It is estimated 
that the 0.2-percent annual chance flood 
event for Penstock Avenue Wash will break 
out below station 0.894 and return at station 
0.11 resulting in shallow flooding of not more 
than 1.0 foot on the average. Most of this 
flooding will not return to the channel. 

 

 

 

 

 

 
 

Pumphouse 
Wash 

 

 

 

 

 

At the 
downstream 
limit of 
effective 
flooding 

 

 

 

 

 
Approximately 
8,400 ft upstream 
of I-17 

 

 

 

 

 

 
 

HEC-1, 
Version 4.1 

 

 

 

 

 

 
 

HEC-RAS, 
Version 4.1.0 

 

 

 

 

 

 

 
9/2016 

 

 

 

 

 

 
 

AE w/ 
Floodway 

Along Pumphouse Wash there are several 
homes/ buildings, close in proximity, which 
significantly impact the active flow in the 
floodplain; therefore, ineffective area was 
placed along the buildings to constrict the 
active flow area. This occurs mainly between 
cross sections 6514 through 8848. 

The floodway analysis for Pumphouse Wash 
was discontinued upstream of Interstate 17, 
due to backwater from the interstate 
embankment and culvert capacity. This area 
is ponding, so evaluating a floodway limit in 
this section was not deemed necessary. The 
floodway was discontinued between 
Pumphouse Wash cross sections 15194 
through 16391. 



75  

 

 
 

 
Flooding Source 

Study Limits 
Downstream Limit 

Study Limits 
Upstream Limit 

Hydrologic 
Model or 

Method Used 

Hydraulic 
Model or 

Method Used 

Date 
Analyses 
Completed 

 
Flood Zone 
on FIRM 

 
 

Special Considerations 

Pumphouse 
Wash (cont.) 

At the 
downstream 

limit of 
effective 
flooding 

Approximately 
8,400 ft upstream 

of I-17 

HEC-1, 
Version 4.1 

HEC-RAS, 
Version 4.1.0 

9/2016 AE w/ 
Floodway 

Structure 8515 along Pumphouse Wash was 
skewed manually in HEC-RAS to account for 
the smaller bridge opening due to its 
alignment along Pinon Trail. The bounding 
cross sections are perpendicular to the 
floodplain, so the geometry for the bridge was 
input into HEC-RAS with the smaller opening, 
rather than applying a skew angle in HEC- 
RAS. 

Structure 7693 along Pumphouse Wash was 
skewed using the HEC-RAS option in the 
modeling program, resulting in applying the 
skew angle automatically to the structure and 
bounding cross sections. 

The thalweg for Pumphouse Wash is forced 
to turn 90 degrees, just east of the Interstate 
17, to flow through the Interstate 17 culvert 
(Structure 15073) and continue west. 

Before the construction of Interstate 17, the 
Pumphouse Wash had a more natural 
geometry and flowed north-east to south-west 
without the 90 degree turn at the interstate 
crossing. Since the construction of the 
interstate, Structure 15073 (Interstate 17 
culvert) along Pumphouse Wash forces the 
upstream flow to backwater on the east side 
of the interstate due to the highway 
embankment and culvert constriction. 
Because the interstate causes a backwater 
effect and the velocity head is negligible 
compared to the depth of flow, a junction at 
the intersection of Pumphouse Wash and 
Schoolhouse Draw Wash was deemed not 
necessary. 

Pumphouse Wash Structure 6970 is a triple 
barrel 12ôx10ô RCB culvert (modeled as 
bridge) with an interior angle under Pinon 
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